Abstract. In this paper, a method of analysis attention state based on the time series transformed by the improved k nearest neighbour network is proposed. In the proposed method, counting number state EEG signals and closing eyes state EEG signals are constructed into networks by the improved k nearest neighbour network respectively, and each networks are converted into time series, which are compared with original EEG time series by means of analysis of power spectrum. The results show that studying power spectrum of time series from network is more easily than original time series to distinguish between counting number state EEG signals and closing eyes state EEG signals. We confirmed that the proposed method could be of practical use.
Introduction
Complex networks are an important paradigm of modern complex systems sciences which allows quantitatively assessing the structural properties of systems composed of different interacting entities. Complex network theory that is used to study the EEG method has become a hot field. Usually, the EEG time series is constructed into the network, and then the network is studied by means of complex network theory [1, 2] . The network constructed from EEG contains the inherent characteristics of the EEG time series, so studying on the complex network is equivalent to researching EEG time series. It has been becoming a popular method that nonlinear time series are transformed into network, but that network is transformed into time series conversely is neglected. There are some methods of transforming the network, such as eigenvalue [3, 4] , the random walk method [5] , and so on.
In this paper, both counting number state EEG signals and closing eyes state EEG signals were constructed into an undirected network by improved k nearest neighbour network [6] , so an adjacent matrix can be created by the undirected network. Adjacent matrix is transformed into time series by computing eigenvalue and power spectrum of that time series were studied afterward.
The purpose of this paper is to study on time series that is from network. 
A bidirectional network will be constructed after above three steps. The degree distribution of the network is a fixed value, ()() out Pkk δ ≡ , where N is the number of points in phase space, k is the number of neighbour points. Improved K Nearest Neighbor Network. K nearest neighbour network [6] is a bidirectional network and has advantage of fixed degree distribution. However, the network that can be transformed into time series by computing eigenvalues is un-directional network. It is necessary to convert bidirectional network into un-directional network so as to keep the excellent character of fixed degree distribution. The method of improved k nearest neighbour network is described in detail below. Bidirectional network is converted into un-directional network by improved k nearest neighbour network. The network of which the degree distribution is almost 1 keeps the excellent character of directional network that is transformed by k nearest neighbour network. mmmt stpmhtN λ =≤≤≤≤ .In the paper, eigenvector corresponding to the maximum eigenvalue was selected.
From Network to Time Series
12 (,,) h diag λλλ Λ= L , (1/2) 12 (,,) h diag λλλ Λ= L , 12 (,,,) h Pppp = L , 12 (,,,) T mmmmN pppp = L,
Experimental Results and Analysis
Phase Space Reconstruction and Network Construction. The experimental data was from General Hospital of Nanjing Military Region, including two groups, counting number and closing eyes respectively. EEG data was recorded by 16 electrodes (FP1, FP2, F3, F4 , C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5, T6) and sampling frequency is 200 Hz. C4 is selected for this experiment. Power frequency interference was filtered by FIR. Delay time and embedding dimension was computed based on C-C algorithm [7] and the result were shown in Fig. 1 . The variable w is range from 1 to 2, and the interval is 0.2. Maximum value of power spectrum of time series is computed with the change of w, and then mean maximum value of power spectrum can be obtained with the change of w.
Both counting number state EEG signals and closing eyes state EEG signals are constructed into network of which size is 480×480. The results of mean maximum value of power spectrum are shown in Table 1 and Table 2 . . Independent sample T test show that the average value of the maximum power spectrum of counting number EEG is greater than EEG of eyes closed, which can distinguish different attention brain state effectively. The means of table1 and table2 are shown in Fig. 2 .
Time series above is from network transition and power spectrum of the time series was analyzed. The results of mean maximum value of power spectrum that is from original EEG of closing eyes and EEG of counting number are shown Table 3 and Table 4 . 
Conclusions
In this paper, attention EEG signal based on the improved k nearest neighbor network is analyzed. The improved k nearest network that has advantage of fixed degree distribution is an un-directional network. The probability of degree distribution of k is 1 in the improved k nearest network. In the experiments, eigenvector corresponding to the maximum eigenvalue is selected.
The results show that studying power spectrum of time series from network is more easily than studying time series from original time series to distinguish between counting number state EEG signals and closing eyes state EEG signals, which can be helpful for analysis of different attention brain state.
